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[57] ABSTRACT

4-(2-Oxo- or hydroxyimino-cycloalkan-1-ylmethyl)-
phenylacetic acid derivative and nontoxic pharmaceuti-
cally acceptable salt thereof are useful as an anti-inflam-
matory agent. The above 2-oxo-compound may be pre-
pared by (a) hydrolyzing and decarboxylating 4-(1-
alkoxycarbonyl-2-oxocycloalkan-1-ylmethyl)phenyla-
cetic acia ester derivative or (b) reacting p-halomethyl-
phenylacetic acid ester derivative with an enamine of
cycloalkanone and hydrolyzing the resulting product.
And further, the above 2-hydroxyimino-compound may
be prepared by (c) reacting 4-(2-oxocycloalkan-1-ylme-
thyl)phenylacetic acid derivative (the product of pro-
cess (a) or (b)) with hydroxylamine or (d) reacting a
dilithium salt of cycloalkanone oxime with p-halometh-
yl- or p-sulfonyloxymethyl-phenylacetic acid ester de-
rivative and hydrolyzing the resulting product.

32 Claims, No Drawings
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SUBSTITUTED PHENYLACETIC ACID
 DERIVATIVES AND PROCESS FOR THE
- PREPARATION THEREOF

The present 'inventidn relates to novel substituted

phenylacetic acid derivatives that are useful as anti-in-

flammatory agents and processes for the preparatlon.

thereof.

More particularly, this invention relates to novel
substituted phenylacetlc acid derivatives havmg the
formula |

ﬂ Rl (D

- ;
(7— CH; CH—COOH
(CH2)» |

wherein R! represents hydrogen atom or a lower alkyl
group, A represents oxo group or hydroxyimino group,
n is an integer from 1 to 3 and the nontoxic pharmaceu-
tically acceptable salts thereof.

In the above-mentioned formula (I), R1is preferably
hydrogen atom, or a straight- or branched-chain alkyl
group having 1 to 4 carbon atoms such as methyl, ethyl,
n-propyl, isopropyl, n-butyl and isobutyl. More pre-
ferred compounds are those in which R! is hydrogen
atom or methyl group and n is 1 or 2. The most pre-
ferred compounds are those in which R! is methyl
group and n is 1 or 2.

The substituted phenylacetic acid derivatives having
the formula (I) may be converted into the pharmaceuti-
cally acceptable salts. The pharmaceutically acceptable
salts include the salt of alkali metal or alkaline earth
metal such as sodium or calcium; the aluminum salt; the
ammonium salt; the salt of organic base such as triethyl-
amine, dicyclohexylamine, dibenzylamine, morpholine,
plpendme or N-ethylplpendme or the salt of basic
amino acid such as lysine or argmme

Due to the presence of asymmetnc carbon atom(s),
there exist optical isomers in the compound having the
formula (I). When, accordingly, the compound having
the formula (I) is obtained as a mixture of the optical
isomers, each of the isomers can be individually ob-
tained by wutilizing conventional optical resolution tech-
mques And further, due to the presence of a hydrox-
yimino group, there exist geometrically isomeric syn
and anti forms in the compound having the formula (I)
wherein A represents hydroxyimino group. When, ac-
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cordingly, the compound having the formula (I) is ob- -
tained as a mixture of these isomers, each of the isomers

can be individually obtained by utilizing conventional
~ separation techniques. In the compound having the
formula (I), its optical isomers, geometrical isomers as
well as their mixture are all represented by a smgle

93

structural formula, but the scope of the present inven-

tion is by no means limited thereby.

As a result of extensive studies on the synthesis and
pharmacologlcal activities of substituted phenylacetic
acid derivatives for the purpose of developing an anti-
inflammatory agent, we have found that a novel substi-

tuted phenylacetic acid derivative having the above-

mentioned formula (I) exhibits excellent anti-inflamma-
tory, analgesic and antlpyretlc activities.

It is, accordingly, a pnmary object of the present
invention to provide a new class of substituted phenyla-
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2

cetic acid derivatives which has a utility as anti-inflam-
matory, analgesic and antipyretic agents.

- It is another object of this invention to provide pro-
cesses for the preparation of such substituted phenyla-
cetic acid derivatives.

The following compounds may be mentioned as ex-

~amples of the compounds prepared according to the

present invention.
(1) 2-[4-(2-Oxocyclopentan-1-ylmethyl)phenyl]-pro-
pionic acid

(2)  4-(2-Oxocyclopentan-1-ylmethyl)phenylacetic
acid
- (3) 2-[4-(2-Oxocyclohexan-1-ylmethyl)phenyl]pro-
pionic acid | |

(4) 4-(2-Oxocyclohexan-1-ylmethyl)phenylacetic
acid

(5) 2—-[4—-(2-0xocycloheptan-lﬂylmethyl)phenyl]pro-
pionic acid

(6) 2-[4-(2-Oxocyclopentan-1-ylmethyl)phenyl]pro-
pionic acid L-arginine salt
(D) 4-(2-Oxocyclohexan-1-ylmethyl)phenylacetic
acid L-lysine salt

(8) 2-[4-(2-Hydroxyiminocyclopentan-1-ylmethyl)-
phenyl]}-propionic acid

(9) 4-(2-Hydroxyiminocyclopentan-1-ylmethyl)-
phenylacetic acid

(10) 2-[4-(2-Hydroxyiminocyclohexan-1-ylmethyl)-
phenyl]-propionic acid

(11) 4-(2-Hydroxyiminocyclohexan-1-ylmethyl)-
phenylacetic acid

(12) 2-[4-(2-Hydroxyiminocycloheptan-1-ylmethyl)-
phenyl]-propionic acid

(13) 2-[4-(2-Hydroxyiminocyclopentan-1-ylmethyl)-
phenyl]-propionic acid L-arginine salt

(14) 4-(2-Hydroxyiminocyclohexan-1-ylmethyl)-
phenylacetic acid L-lysine salt

According to the present invention, the compounds
of the above-mentioned formula (I) can be obtained by
the following processes.

Process 1

A compound having the above-mentioned formula
(I) wherein A represents oxo group, namely, a com-
pound having the formula

e
(CH3),

wherein R! and n have the same meanings as defined
above can be obtained by hydrolyzing a keto dicarbox-
ylic acid ester derivative having the formula

_ COOR3
(74 CH-COOR2
((:I{Z)n

wherein R! and n have the same meanings as defined
above, and R2 and R3 represent a lower alkyl group
such as methyl, ethyl, n-propyl or isopropyl group,
followed by subjecting to decarboxylating reaction.

In carrying out the above-described process, the first
step of hydrolyzing reaction is performed by contacting

(1¥)

(1II)
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the compound having the formula (1II) with an acid or
a base as a hydrolyzing agent.

As the acid or base to be employed may be used
without any limitation those which are usually em-
ployed for a hydrolyzing reaction, but a mineral acid
such as hydrochloric acid, hydrobromic acid, sulfuric
acid and the like, or an alkali metal hydroxide such as
sodium hydroxide, potassium hydroxide and the like
may be mentioned as a preferable acid or base. The
reaction is usually carried out in the presence of a sol-
vent, and the solvent preferably employed is water; an
organic solvent, for example, an alcohol such as metha-
nol, ethanol or n-propanol, a glycol such as ethylene
glycol or diethylene glycol, an aliphatic carboxylic acid
dialkyl amide such as dimethyl formamide or dimethyl
acetamide; or a mixture of these organic solvents and
water. As to the reaction temperature there 1s no partic-
ular limitation, but a range of from room temperature to
150° C. is usually used. The reaction time 1s varied
mainly depending upon the reaction temperature, the
hydrolyzing agent employed and the like, but it usually
takes about 1 to 12 hours.

After the reaction is completed, the desired hydro-
lyzed product can be recovered from the reaction mix-
ture by a conventional method. When, for example, a
base is employed as a hydrolyzing agent, the reaction
mixture is washed with an organic solvent like ether,
the aqueous layer is acidified by addition of an acid like
hydrochloric acid, and then extracted with an organic
solvent like ether. The extract is washed with water,
dried, and the solvent is removed by distillation to af-
ford the desired product. The acidified aqueous suspen-
sion, however, may be subjected directly to the subse-
quent decarboxylating reaction.

The second step of decarboxylating reaction of the
hydrolyzed product thus obtained may be carried out
by heating in the presence or absence of a solvent.

In the case of heating in the presence of a solvent may
be employed water; an organic solvent, for example, an
aromatic hydrocarbon such a benzene, toluene, xylene,
cymene and the like, an ether such as dioxane; or a
mixture of these organic solvents and water preferably
in the presence of an acid such as hydrochloric acid,
p-toluene sulfonic acid and the like.

In the case of heating in the absence of a solvent, the
reaction is desired to be performed under reduced pres-
sure in an atmosphere of an inert gas such as nitrogen in
order to prevent the side reaction to occur.

The heating temperature for the reaction is prefera-
bly from about 50° to 200° C., and the reaction time is
varied mainly depending upon the sort of the starting
compound, the reaction temperature and the like, but it
takes usually about 15 minutes to 3 hours.

When an acid is employed in the hydrolyzing reac-
tion according to the method of the invention, the
decarboxylating reaction can also be performed at the
same time. For this purpose, the reaction is preferably
carried out by heating the ester compound having the
formula (III) in an ether such as dioxane in the presence
of a mineral acid such as hydrochloric acid, hydro-
bromic acid, sulfuric acid and the like. The reaction 1s
performed usually at the temperature of 100° to 150" C,,
preferably at the reflux temperature of the solvent em-
ployed. The reaction time is about 1 to 20 hours.

After completion of the reaction, the desired com-
pound having the formula (II) can be recovered by a
conventional method. For example, the reaction mix-
ture is extracted with a suitable organic solvent, the
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organic layer thus obtained 1s washed with water and
dried, and the desired product is then obtained by re-
moving the solvent by distiliation from the extract.

The desired compound thus obtained, if necessary,
may be further purified by a usual technique such as, for
example, a vacuum distillation, a column chromatogra-
phy or a recrystallizatton method, and may be con-
verted into a form of the aforementioned pharmaceuti-
cally acceptable salt by a conventional procedure.

In carrying out the process according to the present
invention, the novel compound having the abovemen-
tioned formula (III) which is employed as the starting
compound can be prepared, for example, by the follow-
Ing reaction.

Rl
|

X—CHj, CH—COOR? +

(1V)

0
I

O—COOR*" —>
(CH2)n

(V)

Q ]
I COOR? %
(YCHZ CH—COOR?
(CH)p—t

(I1II)

In the above formulas, R1, R2, R3and n have the same
meanings as defined above and X represents a halogen
atom such as chlorine or bromine.

Namely, the reaction for preparing the compound
having the formula (III) is carried out by reacting a
benzyl halide derivative having the formula (IV) with a
cycloalkanone carboxylic acid ester derivative having
the formula (V) in the presence of a base.

As the base to be employed may be used without any
particular limitation those which are usually employed
for an alkylating reaction of an active methylene group,
but preferable bases may be, for example, an alkalt metal
alkoxide such as sodium methoxide, sodium ethoxide,
potassium tert-butoxide and the like, an alkali metal
amide such as sodium amide, potassium amide and the
like, or an alkali metal hydride such as sodium hydride,
potassium hydride and the like. The reaction is prefera-
bly performed in the presence of a solvent, and the
solvent to be preferably employed is, for example, an
alcohol such as methanol, ethanol, tert-butanol and the
like, an aliphatic carboxylic acid dialkyl amide such as
dimethyl formamide, dimethyl sulfoxide, an ether such
as tetrahydrofuran, dioxane, 1,2-dimethoxyethane and
the like. As to the reaction temperature there is not any
particular limitation, but a range of from room tempera-
ture to the reflux temperature of the solvent is usually
employed. The reaction time is varied depending upon
the sort of the base to be used, the reaction temperature
and the like, but it usually takes from 1 to 5 hours.

After the reaction is completed, the desired com-
pound having the formula (III) can be recovered by
treating the reaction mixture according to a conven-




S
tional method, and the compound thus obtained, if nec-
essary, may be further purified by a usual manner such
as, for example, a vacuum distillation, a column chro-
matography and the like method. -

Process 2

A compound having the above-mentioned formula
(I) wherein A represents oxo group, namely, a com-
pound having the formula

O

I R
O,CHZ Q CH—COOH
(CH3)»

wherein R! and n have the same meanings as defined

(1I)

10
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above can be obtained by reacting a benzyl halide deriv-

ative having the above-mentioned formula

Rl (IV)
|

X~-CH> CH—COOR?

20

23

wherein R1, R? and X have the same meanings as de-
fined above with an enamine denvatwe having the
general formula

.'R4 RS (VI
N/
N

=

~ (CH2)n

wherein R4 and R3 taken individually represent a lower
alkyl group such as methyl, ethyl, n-propyl, isopropyl,
n-buty! or isobutyl group, or taken Jomtly together with
the ad_lacent nitrogen atom comprise a residue of a cyc-
lic amine which may optionally involve an oxygen
atom, such as 1-pyrrolidinyl, piperidino, morphohno
and the like residue, and n has the same meaning as
defined above and hydrolyzing the compound thus
preprared having the formula

(VID

“ S RI

| | |
O-cuz CH—COOR?
| (CH3) _

wherein R, R2, R4, R>, X and n have the same mean-
ings as defined above.

In carrying out the above-described process, the first
reaction by which a halide compound (IV) and an en-
amine cnmpound (VI) are condensed 1s performed by
heating in the presence of a solvent.

As the preferable solvent to be employed may be
'mentioned an aromatic hydrocarbon such as benzene,
toluene, xylene and the like, or an ether such as dioxane,
and the reaction may be carried out at the temperature

of about 80° to 140° C,, preferably at the reflux tempera-

ture of the solvent employed. The reaction time 1s var-
ied depending upon the reaction temperature and the
like, but it usually takes 1 to 30 hours.

30
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The subsequent hydrolyzing reaction may be carried
out using a residue which is obtained according to a
usual manner by removing the solvernt from the reaction
mixture after completion of the reaction. The said hy-
drolyzing reaction may be carried out by contacting the
compound having the formula (VII) thus obtained with
an acid or a base as a hydrolyzing agent.

As the acid or base to be employed may be used
without any limitation those which are usually em-
ployed for a hydrolyzing reaction, but a mineral acid
such as hydrochloric acid, hydrobromic acid, sulfuric
acid and the like, or an alkali metal hydroxide such as
sodium hydroxide, potassium hydroxide and the like
may be mentioned as a preferable acid or base. The
reaction is usually carried out in the presence of a sol-
vent, and the solvent preferably empolyed is water; an
organic solvent, for example, an alcohol such as metha-
nol, ethanol or n-propanol, a glycol such as ethylene
glycol or diethylene glycol; or a mixture of these or-

ganic solvents and water. As to the reaction tempera-

ture there is no particular limitation, but a range of from
room temperature to about 110° C. 1s usually employed.
The reaction time is varied mainly depending upon the
reaction temperature, the hydrolyzing agent used and
the like, but 1t usually takes about 10 minutes to 6 hours.
After the reaction is completed, the desired com-
pound having the formula (II) can be recovered from
the reaction mixture by a conventional method, for
example, by a similar method described earlier in the
hydrolyzing reaction of the Process 1. |
The desired compound thus prepared may be further
purified, if necessary, by a usual technique such as, for

example, by a vacuum distillation, a column chromatog-
‘raphy or a recrystallization method, and may also be

converted into a form of the aforementioned pharma-
ceutically acceptable salt by a conventional procedure.

Process 3

A compound having the above-mentioned formula
(I) wherein A represents hydroxyimino group, namely,

- a compound having the formula

45

30

33

65

Il*IJOH

e
(C'HZ)H |

wherein R! and n have the same meanings as defined
above can be obtained by reacting a keto carboxylic
acid derivative having the above-mentioned formula
which is prepared in the Process 1 or 2

(VIII)

O 1
| R

|
(7—(:}12 CH—COOH
(CH2)n

wherein R! and n have the same meanings as defined
above with hydroxylamine or with a salt of hydroxy-
lamine in the presence of a base.

In carrying out the above-described process, the salt
of hydroxylamine to be preferably employed is that of a
mineral acid such as hydrochloric acid salt, sulfuric acid
salt and the like, and the base to be preferably employed
is an alkali metal hydroxide such as sodium hydroxide,
potassium hydroxide and the like, an alkali metal or an

(1)
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alkaline earth metal salt of acetic acid such as sodium
acetate, potassium acetate, calcium acetate and the like,
or an alkali metal alcoholate such as sodium methoxide,
sodium ethoxide, potassium tert-butoxide and the like.
The reaction is preferably carried out using a base and
a salt of hydroxylamine usually in the presence of a
solvent, and the solvent preferably employed is water;
an alcohol such as methanol, ethanol, tert-butanol and
the like; an aliphatic carboxylic acid dialkylamide such
as dimethyl formamide, dimethyl acetamide and the
like; dimethyl sulfoxide; an ether such as tetrahydrofu-
ran, dioxane, 1,2-dimethoxyethane and the like; or an
aromatic hydrocarbon such as benzene, toluene and the
like. As to the reaction temperature there is no particu-
lar limitation, but a range of from room temperature to
100° C. is preferably employed. The reaction time is
varied depending upon the sort of base to be employed,
the reaction temperature and the like, but it usually
takes 30 minutes to 10 hours.

After the reaction is completed, the desired com-
pound having the formula (VIII) can be recovered from
the reaction mixture by a conventional method. For
example, the reaction mixture is poured into ice-water,
the mixture is acidified by addition of an acid like hy-
drochloric acid, and extracted with a suitable organic
solvent. The extract is washed with water, drted, and
the desired compound is then obtained by evaporating
the solvent from the extract.

The desired compound thus obtained, if necessary,
may be further purified by a usual manner such as, for
example, a recrystallization method, a column chroma-
tography and the like method, and may also be con-
verted into a form of the aforementioned pharmaceuti-
cally acceptable salt by a conventional procedure.

Process 4

A compound having the above-mentioned formula
(I) wherein A represents hydroxyimino group, namely,
a compound having the formula

ﬂIOH Rl

I
O—Cl—lz CH—COOH
(CHZ)H

wherein R! and n have the same meanings as defined
above can be obtained by reacting a cycloalkanone
oxime having the formula

(VIII)

NOH
|

wherein n has the same meaning as defined above with
an organolithium compound and reacting the resulting
dilithium hydroxyimino compound with a phenylacetic
acid ester derivative having the formula

(IX)

R! (X)

Y—CH, CH—COOR?

wherein R1 and R2 have the same meanings as defined
above, and Y represents a halogen atom such as bro-
mine or iodine, or a residue of a sulfonic acid such as

10

15

20

25

30

35

45

50

55

65

8

methanesulfonyloxy, benzenesulfonyloxy or p-
toluenesulfonyloxy group, followed by hydrolyzing the
thus formed hydroxyimino-substituted phenylacetic
acid ester derivative having the formula

NOH
| R

|
O—CHz CH—COOR?
(CH32)x

wherein R1, R2and n have the same meanings as defined
above.

In carrying out the above process, the organolithium
compound to be preferably employed for reacting an
oxime compound (IX) is a lower alkyl lithium com-
pound such as methyllithium, n-butyllithium, sec-butyl-
lithium or tert-butyllithium, and the amount to be used
is usually in two molar ratio to an oxime compound
(IX). The reaction is preferably carried out in the pres-
ence of a solvent, and the solvent to be preferably used
is an ether such as ethyl ether, tetrahydrofuran, dime-
thoxymethane, 1,2-dimethoxyethane, diglyme, triglyme
and the like. As to the reaction temperature there is no
particular limitation, but a range of from 0° to 50° C. 1s
preferably employed. The reaction time is varied de-
pending upon the sort of the starting compound (X), the
reaction temperature and the like, but it usually is
enough to be 10 minutes to 1 hour.

After the reaction is completed, the compound hav-
ing the above-mentioned formula (XI) can be recovered
from the reaction mixture by a conventional manner.
For example, the reaction mixture is poured into a mix-
ture of ice-water and concentrated hydrochloric acid,
and extracted with an organic solvent like ether. The
extract is washed with water, dried, and the desired
compound is then obtained by evaporating the solvent
from the extract.

The compound (XI) thus obtained, if necessary, may
be further purified by a usual method such as, for exam-
ple, a recrystallization method, a column chromatogra-
phy and the like method, but may be directly used as the
starting compound for the subsequent hydrolyzing re-
action. >

The said hydrolyzing reaction of the compound hav-
ing the formula (XI) is performed by contacting it with
an acid or a base as a hydrolyzing agent.

As the acid or base to be employed may be used those
which are usually employed for a hydrolyzing reaction
without any limitation, but a mineral acid such as hy-
drochloric acid, hydrobromic acid, sulfuric acid and the
like or an alkali metal hydroxide such as sodium hy-
droxide, potassium hydroxide and the like may be men-
tioned as a preferable acid or base. The reaction 1s usu-
ally carried out in the presence of a solvent, and the
solvent preferably employed is water; an organic sol-
vent, for example, an alcohol such as methanol, ethanol
or n-propanol, a glycol such as ethylene glycol or dieth-
ylene glycol, an aliphatic carboxylic acid dialkyl amide
such as dimethyl formamide or dimethyl acetamide; or
a mixture of these organic solvents and water. As to the
reaction temperature there is no particular limitation,
but a range of from room temperature to 100° C. 1s
usually used. The reaction time i1s varied mainly de-
pending upon the reaction temperature, the hydrolyz-
ing agent employed and the like, but 1t usually takes
about 1 to 12 hours.

(XI)
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After the reaction is completed, the desired com-
pound having the above-mentioned formula (VIII) can
be recovered from the reaction mixture by a conven-
tional manner. When, for example, a base is employed as
a hydrolyzing agent, water is added to the reaction
mixture, the organic solvent is removed by distillation
and the residual layer is acidified by addition of hydro-

chloric acid. The desired compound may be then ob-

tained either by filtrating the compound precipitated as
crystals from the acidified.layer, or by extracting the
acidified layer with an organic solvent like ether and
evaporating the solvent from the water-washed and
dried extract. |

The desired compound V III) thus obtamed if neces-
sary, may be further purified by a usual manner such as
for example, a recrystallization method, a column chro-
matography and the like method, and may also be con-

5

10

15

verted into a form of pharmaceutically acceptable salt

according to a usual technique.

The aforementioned reaction proceeds through a

path in ‘which a phenylacetic acid ester derivative (X) is
reacted with a dilithium hydroxyimino compound rep-
resented by the formula

N——0- Li* o
L l(>'Li
(Cl'lz)n

wherein n has the same meanmg as deﬁned above which
is formed from an oxime compound (IX) and an or-
ganolithium compound, and therefore, it can be as-
sumed that the so-called syn isomer is stereoselectively
prepared as a reaction product. Accordingly, the pres-
ent Process provndes an excellent preparatwe method
characterized in that only syn stereoisomer is formed as
the desired compound and further the number of pro-
cesses is reduced as compared with above-mentioned
Process 3.

The substltuted phenylacetlc acid derlvatwe having
the above-mentioned formula (I) according to the pres-
ent invention exhibits an excellent anti-inflammatory,
analgesic and antipyretic activities as shown by the
pharmacological tests, and results obtained are - de-
scribed below in the table.

Anti- mﬂammatog and Analgesic Activities
- - Inhibition(%) Anti- mﬂammatory Analgeelo .
Medicine - | 25 mg/kg (P.O.) 19 mg/kg (P.O.)
2—(4—(2-01ocyolopent;an- |
I-ylmethyl)phenyl)- |
propionic acid |
4-(2-Oxoeyclopentan-1- .
ylmethyl)phenylacetic
acid |
2-(4-(2-Oxocyclohexan-
-ylmethyl)phenyl)-
propionic acid
4—(2-Oxooyclohexan-l-
ylmethyl)phenylacetic
acid |
2-(4-(2-Oxocyclopentan-
1-yimethyl)phenyl)-
propionic acid I-
arginine salt
2-(4-(2-Hydroxyiminocy-
clopentan-1-ylmethyl)
phenyl)propionic acid

514 95.8

- 65.6 s
79.9 63.3

35.1 45.1

69.8 667

614 70.0
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10
-continued
_Anti-inflammatory and Analgesic Activities
Inhibition(%) Anti-inflammatory Analgesic

Medicine 25 mg/kg (P.O.) 19 mg/kg (P.O.)
4-(2-Hydroxyiminocyclo-
pentan-1-ylmethyl)phe-
nylacetic acid 49.7 54.8
(an isomer of m.p. 137°-
239° C)
2-(4-(2-Hydroxyiminocy-
clohexan-1-ylmethyl) 78.2 53.1
phenyl)propionic acid

| 30.6
Reference Medicine: 37
Phenylbutazone 57.4

(100 mg/kg)

The pharmacological tests were performed accord-
ing to the following methods.

_ Anti-inflammatory activity

The carrageenin edema method was employed using
Wistar strain rat. [C. A. Winter, E. A. Risley, G. W.
Nuss; J. Pharmacol. Exp. Therap., 141, 369(1963)]

Analgesic activity

The thermally induced pain method was employed
using Wistar strain rat. {Y. Iizuka, K. Tanaka; Folia
Pharmacol. Jap., 70, 697(1974)]

As clearly seen from the above-described results of
the pharmacological tests, the compounds having the
formula (I) and their pharmaceutically acceptable salts
are useful as an analgesic, anti-inflammatory agent. As
the administration methods are mentioned, for example,
the oral route in the form of tablet, capsule, granule,
powder or syrup, and per intestine route in the form of
suppository. The dosage unit is varied depending upon
the symptoms, age, body weight and the like of the

~ patient, but a usual unit is in amounts of from about 50

45

- 50

60
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mg to 2000 mg per day for the adult, and it may be given
once a day or several times separately a day.

Below are given Examples and Referential Examples
to further illustrate the present invention.

EXAMPLE 1

2-[4-(2-Oxooyelopentan- -ylmethyl)phenyl}-propionic
Acd

Twenty grams of ethyl 2-[4-(1-ethoxycarbonyl-2-
oxocyclopentan-1-ylmethyl)phenyl]propionate was dis-
solved in 30 ml of dioxane and 100 ml of 47% hydro-
bromic acid and the solution was refluxed for 6 hours.
The reaction mixture was then extracted with ether, the
extract was washed with water, dried over anhydrous

sodium sulfate, and the solvent removed by distillation

o 5 5 to give an yellow oily substance. The product was sub-

jected to a vacuum distillation to yield 13.1 g of the
desired compound as a colorless oily substance, b.p.

190°-195° C. at 0.3 mm Hg (bath temp.). The compound

solidified as it was cooled to crystals, m.p. 108.5°-111°
C. |

Elementary analysis for CisHi1g03; Calculated: C,
73.14; H, 7.37. Found: C, 73.19; H, 7.28.

EXAMPLE 2 |
4-(2-Oxocyclopentan-1-ylmethyl)phenylacetic Acid

Into a mixture of 20 ml of 47% hydrobromic acid and
15 ml of dioxane was dissolved 9.2 g of ethyl 4-(1-ethox-

~ ycarbonyl-2-oxocyclopentan-1-ylmethyl)phenylacetate
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and the solution was refluxed for 6 hours. The solvent
was then removed by distillation from the reaction
mixture, the residue was poured into ice-water and
extracted with ether. The extract was washed with
water, dried over anhydrous sodium sulfate, the solvent
removed by distillation to give an oily substance, which
was subjected to a vacuum distillation to yield 6.0 g of
an oily product, b.p. 185°-195° C. at 0.7 mm Hg (bath
temp.).

Elementary analysis for Ci4H603 Calculated: C,
72.39: H, 6.94. Found: C, 72.08; H, 6.55.

EXAMPLE 3

2-[4-(2-Oxocyclohexan-1-ylmethyl)phenyl]-propionic
Acid

Thirteen grams of ethyl 2-[4-(1-ethoxycarbonyl-2-
oxocyclohexan-1-ylmethyl)phenyl]propionate was dis-
solved in 200 ml of 80% ethanol containing 5 g of potas-
sium hydroxide and the solution was refluxed for 2
hours. Ethanol was removed by distillation from the
reaction mixture, 100 ml of water was added to the
residue and the mixture was extracted with ether. The
aqueous layer was heated at 50°-60° C. with stirring for
1 hour after addition of 100 ml of conc. hydrochloric
acid, extracted with ether, the extract was washed with
water, dried and the solvent removed by distillation to
give an yellow oily substance, which was chromato-
graphed on a column of silica gel affording a colorless
oily substance from an eluate with a mixture of ben-
zene:ethyl acetate = 5:1. The substance was subjected
to a vacuum distillation to give 4.1 g of the desired
compound as a colorless oily substance, b.p. 190°~195
C. at 0.4 mm Hg (bath temp.). The compound sohdified
as it was cooled to crystals, m.p. 84°-86" C.

Elementary analysis for CicH2003 Calculated: C,
73.82: H, 7.74. Found: C, 73.72; H, 7.38.

EXAMPLE 4
4-(2-Oxocyclohexan-1-ylmethyl)phenylacetic Acid

A mixture of 6.39 g of ethyl p-chloromethylpheny-
lacetate, 4.53 g of 1-pyrrolidinyl-1-cyclohexene and 110
ml of toluene was heated under reflux for 21 hours.
After cooling, the solvent was removed by distillation
from the reaction mixture, ether and 100 ml of 5%
hydrochloric acid were successively added to the resi-
due, the mixture stirred for 1 hour at room temperature,
and then extracted with ether. The extract was washed
with water, dried over anhydrous sodium sulfate, and
the solvent removed by distillation to give an oily sub-
stance, which was subjected to a vacuum distillation
affording 1.7 g of the ester of the desired compound,
b.p. 165°-180° C. at 0.5 mm Hg (bath temp.). The ester
compound (1.7 g) thus obtained was heated under reflux
in a mixture of 20 ml of alcohol and 20 ml of aqueous
10% potassium hydroxide solution for 5 hours. After
cooling, the mixture was acidified by addition of hydro-
chloric acid, extracted with ether, the extract washed
with water, dried over anhydrous sodium sulfate, and
the solvent evaporated to give an oily substance, which
was subjected to vacuum distillation affording 1.3 g of
the desired compound, b.p. 190°~195° C. at 0.3 mm Hg
(bath temp.). The compound solidified as it was cooled
to crystals, m.p. 71.5°-72.5° C.

Elementary analysis for Cj5HgO3 Calculated: C,
73.14: H, 7.37. Found: C, 73.09; H, 7.40.
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EXAMPLE 5

2-[4-(2-Oxocyclopentan-1-ylmethyl)phenyl}-propionic
Acid L-Arginine Salt

To a solution of 1.23 g of 2-[4-(2-oxocyclopentan-1-
ylmethyl)phenyl]propionic acid in a mixture of 1.6 ml of
acetone and 0.5 ml of water was dropwise added with
stirring 2 ml of water containing 0.87 g of L-arginine,
the mixture was stirred for 1 hour and acetone and
water were removed by distillation under reduced pres-
sure to give 2.1 g of the desired compound, m.p.
101°-110° C.

Elementary analysis for Cy1H320s5N4 cuiculated: C
59.93; H, 7.67; N, 13.33. Found: C, 59.69; H, 7.88; N,
13.26.

EXAMPLE 6

2-{4-(2-Hydroxyiminocyclopentan-1-ylmethyl)phenyl]-
propionic Acid

To a solution of 1.5 g of 2-[4-(2-0xocyclopentan-1-
ylmethyl)phenyl]propionic acid in 10 ml of ethanol was
added a solution of 0.43 g of hydroxylamine hydrochlo-
ride in 2 ml of water, subsequently a solution of 0.76 g
of sodium hydroxide in 2 ml of water, and the mixture
was heated under reflux for 3 hours. The reaction mix-
ture was poured into an ice-water, acidified by addition
of hydrochloric acid, and then extracted with ethyl
acetate. The extract was washed with water, dried over
anhydrous sodium sulfate, and the solvent removed by
distillation to give 1.4 g of crystals of the desired com-
pound. Recrystallization of the product from a mixture
of ether-n-hexane afforded colorless crystals, m.p.
146°-148° C.

Elementary analysis for CisHj90O3N Calculated: C,
68.94; H, 7.33; N, 5.36. Found: C, 68.83; H, 7.42; N, 5.39.

EXAMPLE 7

4-(2-Hydroxyiminocyclopentan-1-ylmethyl)phenyla-
cetic Acid

A solution of 1.8 g of 4-(2-oxocyclopentan-1-ylme-
thyl)phenylacetic acid, 0.56 g of hydroxylamine hydro-
chloride, and 1.32 g of anhydrous sodium acetate in 20
ml of 80% ethanol was heated under reflux for-2 hours,
and ethanol was then removed by distillation. The resid-
ual oily substance was poured into an ice-water, the
mixture was acidified by addition of hydrochloric acid
and extracted with ethyl acetate. The extract was
washed with water, dried over anhydrous sodium sul-
fate, the solvent removed by distillation to give crystals
containing an oily substance. Recrystallization of the
product from a mixture of ether and n-hexane yielded
0.32 g of an oxime (isomer a), m.p. 137°-139° C.

Elementary analysis for C14H1703N Calculated: C,
67.99; H, 6.93; N, 5.66. Found: C, 67.81; H, 6.78; N, 5.61.

The residue obtained by concentration of the mother
liqguor was recrystallized from a mixture of ether and
n-hexane to afford 0.03 g of an oxime (1somer b), m.p.
152°-155° C.

Elementary analysis for C14H1703N Calculated: C,
67.99: H, 6.93: N, 5.66. Found: C, 68.05; H, 6.80; N, 5.72.

EXAMPLE 8

2-[4-(2-Hydroxyiminocyclohexan-1-ylmethyl)phenyl]-
propionic Acid

A solution of 1.3 g of 2-{4-(2-oxocyclohexan-1-ylme-
thyl)phenyl]propionic acid, 0.33 g of hydroxylamine




~ ture. After the mixture was stirred for 30 minutes at the
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hydrochloride and 1.6 g of sodium acetate trihydrate in
85% ethanol was heated with stirring at 70°-75° C. for
2 hours, and the mixture was poured into 100 ml of
water and extracted with ether. The extract was washed
with water, dried over anhydrous sodium sulfate, and 5
the solvent removed by distillation to give 1.4 g of the
desired compound, which by recrystallization from a
mixture of ethyl acetate and n-hexane afforded colorless
prisms, m.p. 143°-150.5° C.

Elementary analysis for CigH2103N Calculated: C, 10
69.79; H, 7.69; N, 5.09. Found: C, 69.42; H, 7.67; N, 4.97.

EXAMPLE 9

4-(2-H ydroxyimiriocyclohexan- ] -ylmethyl)phényia-

cetic Acid 15

A solution of 0.64 g of 4-(2-oxocyclohexan-1-ylme-
thyl)phenylacetic acid, 0.19 g of hydroxylamine hydro-
chloride, and 0.45 g of anhydrous sodium acetate in 10
ml of 80% ethanol was heated under reflux for 2 hours.
The solvent was removed by distillation, water and
ethyl acetate were added to the residue, the mixture was
acidified by addition of diluted hydrochloric acid, the
ethyl acetate layer separated and the water layer was
then extracted with ethyl acetate. The extract was
washed with water, dried over anhydrous sodium sul- 2
fate, the solvent removed by distillation to give 0.7 g of
the desired compound, which by recrystallization from
ethyl acetate afforded colorless crystals, m.p. 180°-184°
C.

20

68.94; H, 7.33; N, 5.36. Found: C, 68.81; H, 7.30; N, 5.41.

'EXAMPLE 10

2-[4-(2-Hydroxyiminocyclopentan-1-ylmethyl)phenyl]-
propionic Acid L-Arginine Salt

To a solution of 0.87 g of 2-[4-(2-hydroxyiminocyclo-
pentan-1-ylmethyl)phenyl]propionic acid in 10 ml of
acetone were added 5 ml of water and subsequently a
solution of 0.58 g of L-arginine in 10 ml of water, and
the mixture was allowed to stand for 1 hour. To the
reaction mixture was then added 10 ml of acetone and
allowed to stand affording 1.4 g of the desired com-
pound as colorless prisms, m.p. 193°-196° C. (decomp.).

Elementary analysis for C21H3305N5s Calculated: C,
57.91; H, 7.64; N, 16.08. Found: C, 57.67; H, 761 N,
15.98.

40

45

EXAMPLE l 1

2- [4-(2-Hydroxyun1nocyclo pentan- 1-ylmethyl)phenyl]-

30
propionic Acid |

To a solution of 2.0 g of hydroxyiminocyclopentane
in 30 ml of tetrahydrofuran was added 28 ml of 15%
n-hexane solution of n-butyllithium at room tempera-
33
same temperature, a solution of 6.0 g of ethyl 2-(4-
iodomethylphenyl)propionate in 20 ml of tetrahydrofu-
ran was added and stirring was continued for further 10
minutes at room temperature. The reaction mixture was
poured into a mixture of 80 ml of ice-water and 20 ml of 60
concentrated hydrochloric acid, extracted with ether,
the solvent removed by distillation to afford a residue,
to which 1.0 g of sodium hydroxide and 40 ml of metha-
nol were added and the mixture was allowed to stand at
room temperature overnight. To the reaction mixture
was added 30 ml of water, methanol was removed by
distillation, and the residual agueous layer was shaken
- with ether and then acidified with hydrochloric acid.

65

Elementary analysis for CisHi9O3N Calculated: C, 30
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Extraction of the acidified layer with ether and
decoloration of the product through a silica gel column
afforded 2.8 g of the desired compound, which by re-
crystallization from a mixture of ether and n-hexane
yielded colorless crystals, m.p. 146°-148° C.

Elementary analysis for CisH1903N Calculated: C,
68.94; H, 7.33; N, 35.36. Found: C, 69.13; H, 7.20; N, 3.14.

EXAMPLE 12

Ethyl
2-[4-(2- Hydroxylmmocyclohexan-l—ylmethyl)phenyl]
propionate

To a solution of 3.95 g of hydroxyiminocyclohexane
in 40 ml of tetrahydrofuran was added 45 ml of 15%
n-hexane solution of n-butyllithium at room tempera-
ture. After the mixture was stirred for 30 minutes at the
same temperature, a solution of 9.4 g of ethyl 2-(4-
iodomethylphenyl)propionate in 30 ml of tetrahydrofu-
ran was added and stirring was continued for further 1

“hour at room temperature. The reaction mixture was

poured into a mixture of 100 ml of ice-water and 20 ml
of concentrated hydrochloric acid, and extracted with
ether. The product thus obtained was purified through
a chromatography on a column of silica gel [eluent:

ethyl acetate — methylene chloride (1:3)] to afford 1.0

g of the starting compound recovered and 4.5 g of the
desired compound, which by recrystallization from a
mixture of ether and n-hexane yielded colorless crystals,
m.p. 102°-104° C.

Elementary analysis for C1gH3503N Calculated: C,
71.25; H, 8.31; N, 4.62. Found: C, 71.00; H, 8.09; N, 4.51.

EXAMPLE 13

2-[4-(2-Hydroxyiminocyclohexan-1-ylmethyl)phenyl]-
propionic Acid

Three grams of ethyl 2-[4-(2-hydroxyiminocyclohex-
an-1-ylmethylphenyl}propionate and 0.8 g of sodium
hydroxide were dissolved in 50 ml of methanol and the
solution was allowed to stand at room temperature
overnight. To the reaction mixture was added 20 ml of
water, methanol was removed by distillation and the
residue was acidified with hydrochloric acid to precipi-
tate crystals, which were collected by filtration and
recrystallized from a mixture of ether and n-hexane
affording 2.1 g of colorless crystals, m.p. 148°~150° C.

Elementary analysis for CigH2103N Calculated: C,
69.79; H, 7.69; N, 5.09. Found: C, 69.51; H, 7.39; N, 4.82.

Referential Example 1.

- Ethyl |
2-[4-(1-Ethoxycarbonyl-2-oxocyclopentan-1-ylmethyl)-
phenyllpropionate

To 200 mi of dimethyl formamide containing 6.0 g of
potassium hydroxide was added 15.6 g of 2-carboethox-
ycyclopentanone with stirring at room temperature to
give a homogeneous solution. Under ice-cooling, 25 g
of ethyl 2-(p-chloromethylphenyl)propionate was
added dropwise thereto, and the mixture was heated at
80° C. with stirring for 2 hours. After completion of the
reaction, the reaction mixture was poured into an ice-
water, extracted with ether, the extract washed with

- water, dried over anhydrous sodium sulfate, and the

solvent removed by distillation to give 28 g of an oily
substance, which was subjected to a vacuum distillation
affording 21 g of the desired compound, b.p. 175°-178°
C. at 0.5 mm Hg.
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Elementary analysis for CyoH2¢60s Calculated: C,
69.34: H, 7.57. Found: C, 69.10; H, 7.20.

Referential Example 2

Ethyl >
2-[4-(1-Ethoxycarbonyl-2-oxocyclohexan-1-ylmethyl)-
phenyl]propionate

To a mixture of 9.6 g of 50% sodium hydride and 200
ml of dimethyl formamide was added dropwise 34 g of g
ethyl 2-cyclohexanone carboxylate under ice-cooling,
the mixture was stirred at 50° C. for 30 minutes, thereaf-
ter again under ice-cooling 45.3 g of ethyl 2-(p-
chloromethylphenyl)propionate was added dropwise,
and the mixture was heated at 50°-60° C. with stirring 15
for 1 hour. After the reaction was completed, the reac-
tion mixture was poured into an ice-water, extracted
with ether, the extract washed with water, dried over
anhydrous sodium sulfate, and the solvent removed by
distillation to give 69.5 g of an oily substance, which 2V
was subjected to a vacuum distillation affording 57 g of
the dsired compound as a colorless oily substance, b.p.
200°-205° C. at 0.4 mm Hg.

Elementary analysis for C;1H30s Calculated: C,

69.97: H, 7.83. Found: C, 69.85; H, 7.78. 2>

Referential Example 3

Ethyl
2-[4-(1-Ethoxycarbonyl-2-oxocyclopentan-1-ylmethyl)- 1
phenyl]acetate

A mixture of 9.4 g of ethyl 2-cyclopentanonecarboxy-
late, 10.6 g of ethyl p-chloromethylphenylacetate, 3.58
g of potassium hydroxide and 60 ml of dimethyl form-
amide was stirred at room temperature for 5 hours, at
50° C. for 1 hour and thereafter at room temperature
overnight. The reaction mixture was acidified by addi-
tion of acetic acid, dimethyl formamide was removed
by distillation, water was added to the residue, and the
mixture was extracted with ether. The extract was
washed with water, dried over anhydrous sodium sul-
fate, and the solvent evaporated to give an oily sub-
stance, which was subjected to a vacuum distillation
affording 12 g of the desired compound, b.p. 180°-190" 45
C. at 0.8 mm Hg.

Elementary Analysis for CyjgH2405 Calculated: C,
68.65; H, 7.28. Found: C, 68.41; H, 7.33.

35

Referential Example 4 50

Ethyl 2-(4-Iodomethylphenyl)propionate

After a solution of 15 g of sodium iodide in 140 ml of
methyl ethyl ketone was refluxed for 1 hour, 12.5 g of
ethyl 2-(4-chloromethylphenyl)propionate was added 55
and refluxing was continued for further 8 hours. After
the reaction was completed, methyl ethyl ketone was
removed by distillation from the reaction mixture under
reduced pressure, the residue was poured into ice-water
and extracted with ether. The extract was washed with
water and an aqueous sodium thiosulfate solution, suc-
cessively, dried, and the solvent was evaporated to give
16.3 g of the desired compound as an oily and slightly
yellow substance.

Elementary analysis for Cj2Hy5021 Calculated: C, 65
45.30; H, 4.75. Found: C, 45.12; H, 4.47.

What is claimed is:

1. A compound having the formula

16

A
i R/

|
O—CH; CH—COOH
(CHZ)H

wherein R! represents hydrogen atom or a lower alkyl
group, A represents 0xo group or hydroxyimino group,
n is an integer from 1 to 3 and a nontoxic pharmaceuti-
cally acceptable salt thereof.

2. A compound of claim 1 wherein R! is hydrogen
atom or methyl group.

3. A compound of claim 1 wherein R! is hydrogen
atom.

4. A compound of claim 1 wherein R! is methyl
group.

5. A compound of claim 1 wherein n is 1 or 2.

6. A compound of claim 1 wherein R! is hydrogen
atom or methyl group and nis 1 or 2.

7. A compound of claim 1 wherein R! is hydrogen
atom and n1s 1 or 2.

8. A compound of claim 1 wherein R!is methyl group
and nis 1 or 2.

9. The compound of claim 1 which is 4-(2-oxocyclo-
pentan-1-ylmethyl)phenylacetic acid.

10. The compound of claim 1 which 1s 4-(2-0xocy-
clohexan-1-ylmethyl)phenylacetic acid.

11. The compound of claim 1 which is 2-[4-(2-oxocy-
clopentan-1-ylmethyl)phenyl]|propionic acid.

12. The compound of claim 1 which is 2-[4-(2-oxocy-
clohexan-1-ylmethyl)phenyl]propionic acid.

13. The compound of claim 1 which is 4-(2-hydrox-
yiminocyclopentan-1-ylmethyl)phenylacetic acid.

14. The compound of claim 1 which 1s 4-(2-hydrox-
yiminocyclohexan-1-ylmethyl)phenylacetic acid.

15. The compound of claim 1 which is 2-[4-(2-
hydroxyiminocyclopentan-1-ylmethyl)phenyl]pro-
pionic acid.

16. The compound of claim 1 which is 2-[4-(2-
hydroxyiminocyclohexan-1-ylmethyl)phenyl]propionic
acid.

17. The compound of claim 1 which is 2-[4-(2-0xocy-
clopentan-1-ylmethyl)phenyl]propionic acid L-arginine
salt.

18. The compound of claim 1 which is 2-[4-(2-oxocy-
clohexan-1-ylmethyl)phenyl]lpropionic acid L-arginine
salt.

19. The compound of claim 1 which is 2-[4-(2-
hydroxyiminocyclopentan-1-ylmethyl)phenyl]pro-
pionic acid L-arginine salt.

20. The compound of claim 1 which s 2-[4-(2-
hydroxyiminocyclohexan-1-ylmethyl)phenyl]propionic
acid L-arginine salt.

- 21. A pharmaceutical composition for treating in-
flammation in mammals comprising an inert pharma-
ceutically acceptable carrier and an anti-inflammatory
effective amount of a compound of claim 1 or a non-
toxic pharmaceutically acceptable salt of said com-
pound.

22. The composition of claim 21, containing said salt,
wherein said salt is selected from the group consisting
of a sodium salt, a calcium salt, an aluminum salt, a
lysine salt and an arginine salt.

23. The composition of claim 22, wherein said salt 1s
a salt of 4-(2-oxocyclopentan-1-ylmethyl)phenylacetic
acid.
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- 24. The composition of claim 22, wherein- said salt is
a salt of 4-(2-oxocyclohexan-1-ylmethyl)phenylacetic
acid. |

25. The composition of claim 22, wherein said salt is
a salt of 2-(4-(2-oxocyclopentan-1-ylmethyl)phenyl)pro-
pionic acid. o '

26. The composmon of claim 22, wherein said salt i IS
a salt of 2-(4-(2-oxocyclohexan-1-ylmethyl)phenyl)pro-
pionic acid.

27. The compomtlon of claim 22, wherein sald salt is
a salt of 4-(2-hydroxyiminocyclopentan-1-ylmethyl)-
phenylacetic acid.

10
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28. The composition of claim 22, wherein said salt is
a salt of 4-(2-hydroxyiminocyclohexan-1-ylmethyl)-
phenylacetic acid.
29. The composition of claim 22, wherein said salt is

‘a salt of 2-(4-(2-hydroxyiminocyclopentan-1-ylmethyl)-

phenyl)propionic acid.

30. The composition of claim 22, wherein said salt is
a salt of 2- (4-(2-hydroxylmmocyclohexan- -ylmethyl)-
phenyl)propionic acid.

31. The non-toxic pharmaceutically acceptable salt of
the compound of claim 1, wherein said salt is selected
from the group consisting of a sodium salt, a calcium
salt and an aluminum salt. |

32. The salt of claim 31, wherein said salt is a salt of
2-(4-(2-omcyclopentan-l-ylmethyl)phenyl)proplomc
acid. |
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